Gray mold, caused by Botrytis cinerea Pers.:Fr., affects a wide range of ornamental and edible crops (8) . Commercially acceptable levels of disease control have been attained principally by fungicide applications and, to a lesser extent, through environmental modification (14) . Due to increased development of fungicideresistant isolates (15, 24, 41) , potential regulatory loss of fungicides, worker health and safety concerns, and reduced worker productivity during the re-entry intervals after fungicide applications, alternative disease control measures are needed.
One alternative approach has been to treat plants with nonaerated compost teas (NCT) (synonyms: compost extracts [36] or watery-fermented compost extracts [38] ). Production and use of NCT is typically done by mixing compost, water, and optional nutrient additives in an open container, leaving it undisturbed for a defined number of days, and then applying it to plants (38) . Application of NCT has been shown to significantly suppress gray mold on bean leaves (23, 34) , grape leaves and berries (10, 17) , lettuce (23) , strawberry fruit (33, 34) , and tomato and pepper foliage (10) .
There are numerous compost tea production parameters (e.g., aeration, compost source, nutrient additives, production duration, and spray adjuvants) that have been manipulated in attempts to optimize plant disease suppression (30, 38) . Initial reports focused on only one or a few of these production parameters, and consensus has not been reached on optimal compost tea production parameters for plant disease suppression. For instance, early reports on the role of compost source indicated that manure-based composts were most efficacious (38) . However, Elad and Shtienberg (10) determined that NCT made using grape marc compost was as effective as using manure-based compost to inhibit B. cinerea on foliage in greenhouse assays. Similarly, producing NCT with or without nutrient additives has had variable effects on B. cinerea suppression. Urban and Tränkner (34) reported that preparing NCT with 5 to 7 g of peptone or yeast extract per liter inhibited B. cinerea up to 100%, while starch and sucrose additions were less effective. In contrast, Elad and Shtienberg (10) found no significant suppression of B. cinerea when NCT was prepared with an unstated quantity of nutrient broth. Another variable is the wide range in NCT fermentation times reported to maximize suppression of B. cinerea. Ketterer et al. (17) reported that 7-day-old NCT was optimal across three compost sources for suppressing B. cinerea on detached grape leaves. However, Elad and Shtienberg (10) observed that 14-day-old NCT was consistently more suppressive than 7-day-old NCT across three compost sources when applied to detached grape berries, pepper leaves, and tomato leaves. These inconsistencies make developing practical protocols for compost tea use in agriculture difficult.
More recently, variations in compost tea production methods have been introduced that could further modify the potential for compost tea to suppress B. cinerea. One modification is to mix NCT by stirring every 2 to 3 days over the production period to possibly facilitate the release of microbes from compost particles (6) . However, the effect of periodic mixing of NCT on plant disease suppression has not been assessed. Another untested variable is the possibility that NCT removed from different depths of an open production container could have differential disease suppression activity due to the aerobic, microaerobic, and anaerobic gradients of oxygen found in open fermentation vessels (15) .
A recently introduced compost tea production parameter is continuously aerating compost tea during production. Aerated compost tea (ACT) production has become widely practiced, with a parallel increase in anecdotal reports of disease suppression (11) (12) (13) 25) . For ACT, it has been proposed that rapidly increasing microbial populations with nutrient additives and forced aeration will generally increase plant disease suppression (11) . Few published studies have examined the potential for ACT to suppress plant diseases (30) . Only one published study has attempted to compare ACT and NCT for the reduction of B. cinerea; however, due to insufficient natural disease pressure during the singleseason study, no significant differences were detected across treatments on the percentage of strawberry fruit infected by B. cinerea (35) .
There is also the possibility that postproduction parameters could impact disease suppression by applications of compost teas. Spray adjuvants added to NCT have significantly increased B. cinerea suppression. Casein (0.5% vol/vol) and pine oil (0.05% vol/vol) added to NCT significantly increased suppression of B. cinerea on grape berries when applied over the growing season (17) .
The goal of this work was to develop practical recommendations for the use of compost teas for control of gray mold in nursery crop production; thus, many of the practices for commercial compost storage, tea production, and plant management were simulated at a smaller scale. Initially, this research focused on NCT production parameters, but it was expanded to include ACT production due to variability in disease control observed using NCT. The objectives of this study were to: (i) determine whether the compost tea production parameters compost source, nutrient additives, production duration, incremental mixing during production, and depth of liquid in the production container are important for suppression of gray mold (B. cinerea) on geranium (Pelargonium × hortorum) foliage; (ii) determine if ACT is more effective than NCT when produced from the same compost source with or without nutrient additives; (iii) examine if nutrient additives affect ACT disease suppression and culturable bacterial populations; and (iv) determine if the addition of spray adjuvants to ACT enhances disease suppression.
MATERIALS AND METHODS
Compost sample collection. Compost samples (N = 29) were collected at commercial composting facilities in western Oregon from stockpiled material considered ready for sale by the facility operator. These compost samples included the major types of commercially available compost in Oregon and Washington. The samples encompassed a wide range of compost substrates, ages, pH, electrical conductivity (EC), moisture content, and bacterial and fungal populations (Table 1) . Compost feedstock ratios were provided by the facility operator and used to categorize each compost sample into a compost class (Table 1). In order to generate a sample representative of the entire compost pile, a composite sample was created by removing arbitrarily four cores dug 1.0 m deep from each pile. The cores were placed in a 19-liter bucket or 45-liter plastic bin and mixed. These containers were then stored outside in a covered structure, similar to what would occur in commercial production. While the physical, chemical, and microbial structure of the compost are known to change over time (40) , the storage conditions used in this study represent standard commercial production practices and therefore represent the variability associated with commercial compost tea production. Each compost was used in experiments as received and then periodi- v Compost pH was determined from a saturated paste using a portable pH meter (model 150, IQ Scientific Instruments). w Electrical conductivity (EC) was determined from compost and deionized water (2:1 vol/vol) with a portable EC meter (model 933100, Hanna Instruments). x Determined from weight loss of compost (50 g) dried for 36 h at 70°C in a forced air oven. y Bacteria enumerated on 5% trypticase soy broth agar with cycloheximide (100 µg/ml). Populations reported as CFU/dry g of compost. z Fungi enumerated on water agar, pH 6, with rifampicin (50 µg/ml). Populations reported as CFU/dry g of compost.
cally over time, similar to how compost is used in commercial nursery production. Individual experiments may or may not have contained more than one compost sample, with individual or several production parameters being manipulated. All experiments were factorial designs of compost source, production method, nutrient amendment, or spray adjuvants in various combinations of factors.
Compost tea production. Nonaerated compost tea production. NCT was produced with a 5:1 water:compost ratio (vol/vol) in a round, 2-liter plastic container (1,500 ml of water) or in 19-liter plastic buckets (10 liters of water). Where indicated, a limited number of NCT were produced with 15 liters of water and 500 g of compost (wet weight, approximately 25:1, vol/vol) in a 19-liter plastic bucket. Tap water was placed in a container and allowed to sit for 24 h before being used to allow for passive reduction of chlorine (39) . When used, nutrient additives were mixed into the water, followed by addition of compost. [13] ). The entire brewer contents were vigorously stirred by hand for 20 s with a sterile glass rod and then left undisturbed for 7 or 14 days until application. To examine the effect of periodic mixing NCT, designated containers were stirred for 20 s at 3 and 5 days after initial mixing and then applied on the seventh day. Normally, NCT were prepared for application by pouring off surface liquid. To test the effect of compost tea depth, compost tea was siphoned from 15-cm depth. All NCT were filtered using eight layers of cheesecloth to prevent clogging of the spray nozzles of the hand pump applicators.
Aerated compost tea production. ACT was produced with two types of commercial units designed for this purpose. Compost Tea Brewers (Growing Solutions, Inc., Sonoma, CA) were filled with 50 liters of tap water and run for 2 h for chlorine reduction according to manufacturer's directions. If used, nutrient additives (described above) were mixed into the water prior to the addition of compost. Compost (4.5 liters, contained in a mesh basket) was suspended in the water. After 34 to 36 h, ACT was removed through a valve and used for application.
ACT was also produced with a Bioblender (Soil Soup). Fifteen liters of tap water was placed in a 19-liter bucket and aerated for 2 h for chlorine reduction according manufacturer's directions. When indicated, nutrient additives were mixed into the water (described above). Compost (500 g; approximately 25:1 water:compost, vol/vol) was then immersed in the water in a 100-µm mesh filter bag (Soil Soup). To assist the removal of soluble material and microorganisms from the compost, the filter bag was lifted above the water and allowed to drain into the bucket for 15 s, then re-immersed for 30 s. This was done three times, with the filter bag left in the liquid for the remainder of the 34-to 36-h production cycle. For ACT, no additional filtration was needed prior to application.
Botrytis disease assay. B. cinerea inoculum was produced by individually culturing four isolates of B. cinerea for 2 weeks on potato dextrose agar (Difco). Isolates were from blackberry, strawberry, geranium, and impatiens. Plates were flooded with sterile distilled water and gently rubbed with a sterile, bent glass rod to release conidia. The spore suspensions were decanted through four layers of cheesecloth to remove mycelial fragments. The suspensions were combined and spore concentration was determined using a hemacytometer. The conidial suspension was diluted with sterile distilled water to 1 × 10 5 conidia/ml, and then immediately applied to geranium leaves using an aerosol spray bottle (Nalgene Inc., Rochester, NY).
Compost tea treatments were assessed using an assay developed for screening biological control agents on geranium (21) . Six-to 8-week-old greenhouse-grown geranium seedlings ('Ringo Red 2000') with five to seven fully expanded leaves were used. Cotyledons and all nonexpanded leaves were removed before treatment. The adaxial leaf surfaces of all leaves were sprayed until runoff with an aerosol spray bottle (Nalgene Nunc International, Rochester, NY) and then dusted with dried, ground geranium leaves (approximately 1 mg/cm 2 ). The leaf powder simulated dropped flower petals, necrotic tissue, and other exogenous sources of nutrient and increased the potential for B. cinerea infection. Treated plants were placed in a growth chamber for 24 h (22°C, 16-h photoperiod, ambient humidity) then inoculated with B. cinerea spore suspension (described above) by misting the adaxial leaf surfaces using a hand pump sprayer. Plants were placed in a randomized block design and then incubated at 22°C with >85% humidity for 5 to 7 days in a growth chamber (16-h photoperiod). Disease level was assessed using a 4-point scale: 0 = no lesions; 1 = discreet lesions occupying less than one-third of the leaf area; 2 = spreading lesions occupying one-third to two-thirds of the leaf area; and 3 = greater than two-thirds of the leaf area covered in lesions.
Addition of spray adjuvants to aerated compost tea. Because the production time for ACT was short, it was used as the experimental model for adding spray adjuvants shown to be effective in enhancing the disease suppressive activity of commercial biological control agents (22 All treatments were applied using a hand pump as described above.
Bacterial populations in aerated compost tea. Culturable bacterial populations were enumerated to monitor the effects of population changes on disease suppression. A 1-ml sample of compost tea was aseptically removed from each compost tea production unit before application. After serial dilution in sterile 0.02 M potassium phosphate buffer (pH 7.0), 50 µl of a dilution was plated using an automated spiral plater (Eddy Jet, IUL Instruments, Barcelona, Spain) on 5% trypticase soy broth agar (1.5 g/liter Difco trypticase soy broth with 15 g/liter agar and 100 µg/ml cycloheximide) for bacteria and water agar pH 6 (18 g/liter agar with 50 µg/ml rifampicin) for fungi. Plates were incubated at 22°C for 3 and 7 days for bacteria and fungi, respectively. Colonies were enumerated and converted to log CFU/ml.
Experimental design and statistical analysis. Each experiment had two or three control treatments that did not receive compost tea applications: (i) noninoculated control = plants sprayed with water and dusted with geranium leaf powder; (ii) Botrytis control = plants sprayed with water and dusted with geranium leaf powder 24 h prior to being inoculated with B. cinerea as described; and (iii) biological positive control = plants sprayed with an approximately 1 × 10 9 CFU/ml suspension of Burkholderia ambifraria AMMDR1 (19), a 48-h yeast extract broth (13.3 g/liter nutrient broth (Difco), 1.0 g/liter Bacto yeast extract (Difco), 5.0 g/liter sucrose, 0.24 g/liter anhydrous MgSO 4 , and pH adjusted to 7.2 with 1 M KOH) culture diluted in 0.02 M potassium phosphate buffer (pH 7.0) and dusted with geranium leaf powder 24 h prior to inoculation with Botrytis spore suspension. The AMMDR1 treatment was used as a biological control standard early in the investigations. Experiments consisted of these three controls plus the different compost tea batches being tested. Due to space constraints, the noninoculated control or biological positive control treatments were sometimes omitted. All experiments were factorials of various combinations of compost class, aeration, nutrient additions, or adjuvants, arranged in randomized complete blocks with six to eight replications (individual plants). The individual leaf ratings (described above) were averaged for the entire plant to create a plant disease rating. This plant disease rating was used for statistical analysis. For each experiment, plant disease ratings were tested for variance normality then subjected to variance analysis using preplanned linear contrasts of treatment means separated by Fisher's protected least significant difference using PROC MIXED in SAS version 8.1 (SAS Institute Inc., Cary, NC). The bacterial populations in specified categories of compost tea were compared using nonpaired t tests after log 10 transformation to correct for nonnormal variance between compost tea categories. Chi-square analysis was used to compare the frequency of NCT batches that significantly suppressed disease made from different compost sources.
RESULTS
NCT production factors. Compost class influenced the frequency of disease suppression (Table 2) . Differences across compost samples were evident when NCTs were produced without nutrient additives and applied as 7-day-old compost teas. Twenty-seven compost samples were used to make 104 NCT batches from both undigested plant material and manure-based composts, with only 31% of the batches significantly (P < 0.05) reducing disease levels (Table 2) . However, specific compost samples had much greater disease reduction associated with them. NCT produced from either a chicken manure compost or a yard trimmings compost (compost samples 4 and 26, respectively; Table  1 ) significantly reduced disease (P < 0.05) more than 50% of the time (Table 3 ). In total, 24 of 49 batches of NCT made from compost samples in these two compost classes and originating from the same the production facility (compost samples 5 to 8 and 26 to 29), significantly reduced disease (P < 0.05) ( Table 3 ). Only eight of the 55 NCT batches produced with the 20 other compost samples significantly reduced disease (P < 0.05). Chi-square analysis indicated that NCT made from the yard trimmings composts and chicken manure composts (Table 2 ) had a significantly greater frequency (P < 0.001) of disease suppression than NCT made from all other compost classes.
The duration of NCT production appeared to influence disease suppression. Increasing the production time from 7 to 14 days produced NCTs that significantly (P < 0.1) reduced disease in 29% of the direct comparisons. Disease suppression of 7-day-old NCT was never significantly greater (P < 0.1) than 14-day-old NCT (Table 4 ).
Significant differences (P < 0.05) in disease reduction were not detected between NCT removed from a depth of 15 cm and that removed from the surface for all NCT produced with compost that contained manure (compost samples 9, 12, 16, Table  1 ). In five of seven experiments, only NCT removed from the surface significantly reduced disease (P < 0.05) compared with the Botrytis control treatment (data not shown).
Adding nutrients to NCT during production generally did not influence disease suppression in 31 batches produced with several composts and nutrient additives. Only 10 and 25% of the NCT made with and without nutrient additives, respectively, significantly (P < 0.05) reduced disease compared with the Botrytisinoculated control (data not shown). NCT with nutrient additives significantly (P < 0.03) increased disease in three experiments and significantly decreased disease in one experiment (data not shown).
Similarly, stirring of NCT during production significantly (P = 0.005) increased disease compared with nonstirred NCT in one of 18 experiments (data not shown). In these 18 experiments, 50% of the nonstirred NCT batches significantly (P < 0.05) decreased disease development compared with the Botrytis control, while stirred NCT batches resulted in significant disease reduction 33% of the time (data not shown).
Impact of aerating compost tea on disease suppression. There was no significant difference (P > 0.05) in disease ratings for 85% of the linear contrasts comparing ACT and NCT that were produced with a range of compost sources and nutrient additives (Table 5 ). When significant differences (P < 0.05) were detected, 75% indicated that treatments with NCT had less disease than ACT.
Effect of nutrient additives on bacterial population and disease suppression of ACT. ACT made with nutrient additives had significantly greater (P < 0.05) bacte- rial populations than ACT made without nutrients (Table 6 ). While culturable bacterial populations were greater, linear contrast analysis indicated that ACT made with nutrient additives significantly (P < 0.05) reduced disease in only 4% of the direct comparisons to ACT made without nutrient additives (Table 6 ). Therefore, simply increasing the population of culturable bacteria was not correlated with the reduction of gray mold under the experimental conditions. Influence of spray adjuvants. Adding spray adjuvants to ACT produced with or without nutrient additives significantly (P < 0.05) reduced disease levels compared with applying either the ACT or adjuvants alone (Table 7) .
DISCUSSION
The high degree of variability in gray mold suppression from NCT and ACT applications indicates that it would be difficult to achieve commercially acceptable disease control regardless of the production parameters used. There were no consistent benefits to aerating, adding nutrients, or other commonly practiced production methods. This finding is contrary to many popular press reports (11-13), which state that the use of aeration and nutrient amendments enhances disease control, but is strongly supported by the few studies that have directly compared ACT to NCT using the same compost sample (1, 9, 29, 31) . It should be noted that compost tea applications did offer some disease control and could be better than nothing if production constraints (e.g., organic production) make other control methods unavailable.
There are many claims and counter claims regarding the influence of aeration on disease control afforded by compost tea applications (6, (11) (12) (13) . The data presented here and from the few investigations that have directly compared ACT to NCT using the same compost samples indicate that both methods appear to offer similar disease suppression (1,9,29,31 ). Scheuerell and Mahaffee compared ACT to NCT production methods for control of Pythium damping-off of cucumber (31) and powdery mildew, rust, and blackspot of rose (28) , and found no differences in disease control. These results were in agreement with Al-Dahmani et al. (1) , where no differences in control of bacterial spot of tomato between ACT and NCT were observed. However, NCT was found to inhibit germination of Venturia inaequalis conidia while the aerated compost tea did not (9) . These results appear to indicate Table 1 . x Mean disease rating over bioassays ± standard deviation. Treatments were applied to six replicate plants. y Proportion of significantly suppressive bioassays of total bioassays (significantly greater than disease rating for Botrytis-inoculated control according to linear contrasts, P = 0.05; determined separately for each bioassay). z Disease rating for plants sprayed with an approximately 1 × 10 9 CFU/ml suspension of Burkholderia ambifraria AMMDR1. u Plant disease rating was determined by rating each leaf then averaging the ratings from a plant. Each leaf was rated using a 0 to 3 point scale, where 0 = no lesions and 3 = more than two-thirds of the leaf area covered in lesions. v Compost samples characterized in Table 1 . w Nutrients were mixed with water prior to the addition of compost to the tea brewer and consisted of either no nutrient, 0.3% molasses, 0.5% vol/vol Bacterial Nutrient Solution (proprietary blend of molasses, kelp, and trace materials), or fungal nutrient mixture (powdered soluble kelp, liquid humic acids, and rock dust). x NCT (nonaerated compost tea) held for 7 days in an open 19-liter bucket with 2 liters of compost, 10 liters of water, and the listed nutrient additives. y ACT (aerated compost tea) made with none, bacterial, or fungal nutrients, and aerated for 36 h with a Bio-blender (Soil Soup, Inc., Edmonds, WA). ACT made with molasses was aerated with a Compost Tea Brewer (Growing Solutions, Inc., Eugene, OR). z Within a row, numbers followed by the same letter are not significantly different (P < 0.05) according to Fisher's protected LSD.
that aeration does not increase disease control; thus, the factors influencing the choice of compost tea production methods are likely to depend on whether either time or cost of tea production equipment is a bigger constraint to using compost teas. In general, disease suppression associated with compost tea applications appeared to be related to a particular compost sample and marginally related to a compost class. It is not clear how these results relate to prior research, since there is no indication that multiple samples of the same compost class were investigated. However, the results presented here agree with prior reports of compost classes composed of manures (2, 10, 37, 38) and undigested plant material (10, 29, 31) appearing to be more suitable for producing disease suppressive compost teas than other classes of compost. These data indicate that there is still a need to further investigate the role of compost class on the production of diseasesuppressive compost teas.
Increasing NCT production time from 7 to 14 days often resulted in significant disease suppression, which is similar to results of prior investigations where disease suppression was shown to increase with fermentation time to a maximum of 14 days and then decline (16, 18, 37) . The effect of fermentation time on disease suppression of ACT applications has not been investigated. However, there is anecdotal evidence indicating that fermentation times of 7 to 14 days are needed for effective disease suppression using ACT (7). With both NCT and ACT, suppressed disease with increased fermentation time could be due to accumulation of antibiotics or other secondary metabolites produced by the microbes (9). It is not clear whether the disease suppression associated with compost tea applications is a result of the secondary metabolites produced during fermentation or the colonization of and subsequent interactions on the leaf surface by the microbes reproducing during fermentation. It is also possible that differences in the microbial community structure among tea batches could impact disease suppression.
The addition of nutrients is routinely recommended to enhance disease suppression of ACT (11) (12) (13) . However, in this study using two different brewers, the production of compost teas produced with nutrient additives did not significantly reduced disease compared with compost teas without added nutrients in a large majority of the direct comparisons, although bacterial populations in the ACT were significantly increased with nutrients. This is in agreement with other research (31) where total bacteria, active bacteria (measured through direct cell counts), as well as culturable populations were not directly related to disease suppression when all types of nutrient additives were considered. It is possible that residual nutrients from the additives intended to encourage microbial reproduction in the compost tea could support saprophytic growth of the pathogen and counteract biological control. This was observed in the suppression of Pythium root rot, where residual molasses in compost tea negated otherwise consistent biological control x Proportion of significantly suppressive bioassays of total bioassays (significantly greater than disease rating for botrytis inoculated control according to linear contrasts, P = 0.05; determined separately for each bioassay). y Bacterial populations log 10 CFU/ml compost tea, enumerated on 5% TSBA ± standard deviation. z Nutrients were mixed with water prior to the addition of compost to the tea brewer and consisted of either no nutrient, 0.3% molasses, 0.3% hydrolyzed yeast powder, 0.5% vol/vol Bacterial Nutrient Solution (proprietary blend of molasses, kelp, and trace materials), or fungal nutrient mixture (powdered soluble kelp, liquid humic acids, and rock dust). z Within a row, numbers followed by the same letter are not significantly different (P < 0.05) according to Fisher's protected LSD. Plant disease rating was determined by rating each leaf then averaging the ratings from a plant. Each leaf was rated using a 0 to 3 point scale, where 0 = no lesions; 1 = discreet lesions occupying less than one-third of the leaf area; 2 = spreading lesions occupying one-third to two-thirds of the leaf area; 3 = more than two-thirds of the leaf area covered in lesions. nd = treatment not present in this experiment. (31) . Another reason to approach the use of nutrient additives in compost tea with caution is the concern that nutrient additives could support the growth of bacterial human pathogens if contaminated compost was used inadvertently (3). The use of adjuvants is a common practice in chemical pesticide formulation and application (4), but it has received little attention in the biological control literature. The data presented here indicate that adjuvants that increase dispersal and adherence of spray droplets on leaf surfaces increase disease control. Similarly, gum karaya and other polysaccharides tankmixed (0.1% vol/vol) with microbial biocontrol agents (BCA) were demonstrated to significantly reduce gray mold of geranium compared with BCA alone and adjuvant controls (22) . They have also been shown to restore activity of a biofilm deficient mutant of a foliar biocontrol agent of B. cinerea on geranium (26) .
Increased disease suppression of compost tea amended with adjuvants could be due to increased attachment and subsequent survival of applied organisms in a modified phylloplane environment. Modifying the phylloplane environment has been shown to affect the recovery of microorganisms applied in compost tea (27) . Microbial epiphyte populations recovered from plants sprayed with various NCTs were significantly reduced when the plants were maintained in a growth chamber at 50 to 60% relative humidity compared with 90 to 95% relative humidity (27) . Similarly, in our experiments, plants treated with compost tea dried completely in the 24-h period between compost tea application and pathogen inoculation. This change in environment likely limited epiphytic microbial colonization and survival. Preliminary examination with scanning electron microscopy indicated that spray adjuvants greatly increased microbial colonization of geranium leaves from compost tea (S. J. Scheuerell, unpublished) . Increased populations of bacterial epiphytes could more effectively compete for phylloplane nutrients and niches, leading to a reduction in B. cinerea conidial germination (5) .
There is strong interest in both conventional and organic agriculture to develop compost tea production and application practices that positively impact crop productivity and health (3). Compost tea applications can significantly reduce disease caused by B. cinerea under environmental conditions that favor disease development; but variability in efficacy from batch to batch of compost tea necessitates further development of a production protocol that consistently reduces disease, even under severe disease pressure. Based on data presented here and Scheuerell and Mahaffee (32) , it would appear that future research on the use of compost tea applications for disease control should focus on development of rapid methods for assessing the potential for a compost sample to produce a disease-suppressive compost tea and the use of adjuvants for enhancing compost tea activity. Suppression of seedling damping-off due to Pythium spp. was related to compost maturity and microbial activity as determined using the rapid Solvita compost maturity and respiration kits (32) . Methods such as the Solvita kit used to assess microbial activity would be preferable to the analyses used in this study and those used by various commercial laboratories, since they are rapid, provide results within 24 h, and can be employed on-site or before purchase of compost. Similar investigations for methods to assess the suitability of compost for making disease-suppressive compost teas are needed.
It is clear that the use of various adjuvants tank-mixed with compost teas can enhance disease control. Thus, further development of spray adjuvant technology that is compatible with compost teas appears to be a promising direction to minimize variability of disease suppression. A third area of research that is needed is examination of the anecdotal evidence that increasing fermentation time of ACT will result in disease suppression. Cantisano (7) indicates that compost teas produced from short fermentation cycles (24 to 36 h) have limited utility for disease control and that 7-to 14-day fermentations are needed for consistent disease control.
